This study was performed to evaluate the effects and stability of the new hepatitis B immunoglobulin (HBIG), Hepabulin, in patients undergoing liver transplantation for hepatitis B.
Background
Liver transplantation (LT) is the definitive treatment for cirrhosis and fulminant liver failure due to hepatitis B virus (HBV) infection [1] . HBV is the most common cause of liver transplantation in endemic areas, and recent reports have indicated that >70% of LT cases are associated with this disease [2] . As recently as 15 years ago, hepatitis B-associated liver cirrhosis was associated with poor liver transplant outcome, which was attributable to reinfection by HBV [3] . The HBV recurrence rate after LT is >80% without any prophylaxis, and HBV reinfection may lead to rapid disease progression and early graft loss [3] . The evolution of effective prophylactic strategies over the past 15 years has markedly improved survival rates, making LT a therapeutic option for patients with hepatitis B-related liver disease [4] . Longterm treatment with hepatitis B immunoglobulin (HBIG) is associated with reduced risk of recurrent HBV infection and reduced mortality. Since the introduction of lamivudine, a nucleoside analog that inhibits HBV replication, the HBV recurrence rate has been reduced to <10%. Recently, new antiviral agents that show better results have been developed. The combination of longterm HBIG and nucleos(t)ide analogs is currently the standard treatment and has been shown to be effective in reducing HBV recurrence rates. Recently, a few centers reported that hepatitis B recurrence was reduced by antiviral agents alone, similar to the results of combination therapy. In lower-risk individuals, HBIG may only be required in the perioperative setting, with lifelong antiviral therapy use thereafter [5] . However, these studies mostly had a short-term follow-up, and the numbers of cases were insufficient to draw definitive conclusions. In addition, the use of antiviral agents only is controversial in endemic areas where viral load is high. Therefore, combination therapy consisting of HBIG and antiviral agents is still the standard treatment.
The use of HBIG for the prevention of HBV reinfection after liver transplantation is necessary. However, HBIG is expensive and requires intravenous injection, which is inconvenient. The development of HBIG by multiple pharmaceutical companies has resolved this economic problem to some extent. Nonclinical studies, virus removal, and fluorination/elimination tests have confirmed the stability of the new HBIG, Hepabulin (SK Plasma, Seoul, South Korea), and its ability to remove viruses. The present study was performed to investigate the efficacy and safety of Hepabulin for the prevention of hepatitis B recurrence in liver transplant patients.
Material and Methods

Study design and population
This prospective, single-arm, multicenter clinical trial was conducted from November 2011 to March 2014. Six transplantation centers participated in the study. Institutional review board approval was obtained for patient enrollment prior to the start of the study. The number of subjects was calculated as 80 considering the one-sample predominant hypothesis, recurrence rate of 7.1% (a=0.025, power of 80%), and dropout rate of 20%. Of the 89 subjects who provided written consent to participate in the trial, 87 fulfilled the selection/exclusion criteria after the end of the observation period within 2 weeks. Two were lost to followup and consent was withdrawn. Seven subjects dropped out of the study 1 month before the validity criterion. Therefore, the full analysis set (FAS) consisted of 80 subjects. Ten were unable to complete up to 52 weeks and dropped out of the study. An additional 10 subjects who completed the clinical trials had protocol violations/deviations. Therefore, 60 subjects were left for per protocol (PP) analysis ( Figure 1) . A dose of 10,000 IU of Hepabulin was diluted in 150 mL of 5% glucose solution, and instilled for about 1 hour. Hepabulin was given in an anhepatic phase during the operation, daily until 1 week after surgery, weekly until 4 weeks after surgery, and monthly until 12 months after surgery. However, patients positive for HBV DNA or hepatitis B e antigen (HBeAg) before surgery received 20,000 IU of Hepabulin during surgery ( Figure 2 ). Blood samples were taken before drug administration and serum was separated and stored for further examination. During this trial period, Hepabulin was used as monotherapy without an antiviral agent. For the clinical study, the visit dates were screening (visit 1), postoperative day 1 (visit 2), weekly until week 4 (visits 3-6), and monthly until 48 weeks (visits 7-17). The last visit at 4 weeks after the last dose (visit 18) was performed for a total of 52 weeks (Figure 2 ). Immunosuppressive treatment included a regimen featuring a tacrolimus as a component of a double-or triple-drug cocktail [the other 2 drugs were prednisone and mycophenolate mofetil (MMF)].
Inclusion criteria
Patients matching the following criteria and receiving liver transplantation due to hepatitis B were included in the study: 1) Patients were at least 18 years of age and younger than 64 years of age. 
Exclusion criteria
The exclusion criteria were as follows: 1) Patients undergoing emergency transplantation in status I or IIA. 2) Patients who had received at least one organ transplant before screening. 3) Patients with a history of malignant tumors other than liver disease within 5 years.
4)
Patients with severe renal impairment (e.g., serum creatinine more than twice the upper limit of reference, dialysis patients). 5) Patients with cardiovascular events, myocardial infarction, coronary angioplasty, cerebral infarction, and cerebral hemorrhage within 6 months.
Study endpoints
The primary endpoint was the rate of hepatitis recurrence, which was evaluated by the percentage of subjects who relapsed from HBsAg-negative to HBsAg-positive after liver transplantation. Secondary endpoints included the HBsAg recurrence period (the period from the time of confirmation of HBsAg negativity to the time of HBsAg positivity), survival rate (the percentage of subjects who survived from the first administration of Hepabulin to the end of the study), survival time (the period from the first administration of the drug to the death), and changes in serological markers for hepatitis B [HBsAg, hepatitis B surface antibody (HBsAb), hepatitis B e antigen (HBeAg), hepatitis B e antibody (HBeAb), HBV DNA]. Serological markers were measured at each visit, and HBsAg, HBsAb, HBeAg, and HBeAb were analyzed by electrochemiluminescence immunoassay (ECLIA). HBV DNA was analyzed by real-time polymerase chain reaction (PCR) and mutation tests were performed using PCR and direct sequencing. Hepabulin was administered intravenously at a dose of 10,000 IU diluted in 150 mL of 5% dextrose in water according to the following regimen.
All of the adverse events (AEs) that occurred during the entire study period were included in stability assessment, and the stability of the test drug was assessed based on vital signs, physical examination, laboratory tests, chest X-ray, and electrocardiogram at each visit. Laboratory tests included complete blood cell count (CBC), blood chemistry including glucose, blood urea nitrogen (BUN), creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, blood coagulation test including prothrombin time (PT), partial thromboplastin time (PTT), urinalysis, and pregnancy test. A total of 87 patients who had received at least 1 dose of the clinical trial drug were selected for the safety test. The incidence rates of AEs following administration of the drug for clinical trials are presented. Serious AE refers to any of the following AEs or adverse drug reactions occurring at any dose of a drug used in clinical trials: death, admission to hospital, need to increase the admission period of a patient who had already been admitted, the occurrence of persistent or meaningful disability or malfunction, and other medically important situations.
The changes in serial hepatitis B markers, including HBsAg, HBeAg, and HBV DNA, were evaluated. After Hepabulin administration, changes in serum levels of HBsAb were examined and the factors affecting the concentrations of HBsAb after 1 week and 12 months were investigated.
Statistical analysis
The clinical trial results were evaluated by safety analysis, FAS analysis, and PP analysis. Safety analysis included all data from subjects who received Hepabulin at least once. The FAS method included subjects assessed for recurrence by measuring HBsAg 1 or more times after Hepabulin administration among subjects who received Hepabulin at least once. The PP method was used for the analysis of data from subjects included in FAS analysis who completed treatment according to the protocol without any significant violations. In cases with a missing value in the main outcome variable, the previous observation was carried forward to replace the most recent missing value based on the time of occurrence. The FAS method was used as the primary analysis method in principle, and PP analysis was additionally performed. The safety data were principally based on safety analysis.
The primary endpoint was serum HBsAg recurrence rates for subjects who relapsed from 4 to 52 weeks from negative to positive HBsAg, and the Wald chi-square test was performed on binomial ratios. The significance level was 0.025 for 1 side and 97.5% for the confidence interval. Among the secondary endpoints, the survival rate was calculated using the frequency and percentage of surviving subjects from the first administration of Hepabulin to the end of the study. The recurrence rate of HBsAg and the survival rate were analyzed using the Kaplan-Meier method. Serological parameters were analyzed using the paired t test to determine whether there was any change in intragroup variation. In all analyses, P<0.05 was taken to indicate statistical significance.
Results
Patient characteristics
Of the 87 subjects enrolled in the study, 71 (81.6%) were men and the mean age was 52.3±6.5 years. The mean body mass index (BMI) was 23.8±2.7, and 54 (62.1%) subjects were overweight (BMI >23 2%) ; precore mutation was found in 10 (62.5%), core mutation in 16 (100%), surface mutation in 8 (50%), and drug resistance mutation in 5 (31.3%) ( Table 1) .
Effects of Hepabulin
As the primary endpoint, none of the subjects showed relapse from HBsAg-negative to HBsAg-positive after liver transplantation from 4 to 52 weeks after administration of the trial drug. In addition, the serum HBsAg recurrence rate was 0% in the FAS and PP analysis groups. Of the 80 subjects in the FAS group, 1 died between first administration of the drug and the end of the clinical trial, and the survival rate (the secondary endpoint) was 98.75%. This patient died from sepsis due to acute cholangitis, which was not related to the clinical trial drug (Table 2 ).
Adverse events of hepabulin
A total of 876 AEs occurred in 83 (95.40%) of the total population of 87 patients. The most common AEs were gastrointestinal disorders (57 patients, 65.5%), such as diarrhea, constipation, and abdominal pain. Thirteen patients (14.9%) showed abnormal LFT, but no acute cellular rejection was confirmed in biopsy. Serious AEs occurred in 44 (50.6%) of 87 patients, and 119 (13.58%) of 876 AEs were serious. Two deaths occurred (2.29%), one due to acute septic cholangitis during the clinical trial and the other due to hepatocellular carcinoma (HCC) recurrence after being dropped in the clinical trial. No changes were made to the dose of clinical trial drug in 113 cases of serious AE, while the drug was discontinued in the remaining 6 cases. Drug administration was discontinued due to tumor recurrence in 5 cases, while the sixth patient died because of septic cholangitis. Hepatobiliary disorder was the most common disease among the major AEs, and occurred in 18 patients (20.7%). The most common hepatobiliary disorder was biliary stricture. None of the AEs were related to the clinical trial drug. 
Changes in HBV markers following hepabulin administration
We analyzed 80 patients in the FAS group. The mean preoperative HBsAg titer was 6668±3018 IU/mL, but it was 182±670 IU/mL at 1 day after surgery and 28 patients (35%) were positive for the antigen. On the 7th postoperative day, the mean HBsAg titer was 0.63±0.11 IU/mL and all patients were negative for HBsAg. After the administration of Hepabulin, HBeAg titer was negative in all patients at 1 week after surgery. Of the 37 patients (46.25%) positive for HBV DNA, the average preoperative HBV DNA titer was 142,351±664 IU/mL, which was 17±49 IU/mL on postoperative day 1, and 13 patients (16.25%) were HBV DNA-positive. On postoperative day 7, mean HBV DNA titer was 37±147 IU/mL and 13 patients (16.25%) were positive. We analyzed the changes of DNA titer in HBV DNA-positive patients (n=13) at 1 week postoperatively ( Figure 3 ). At 2 weeks postoperatively, HBV DNA titer was 7±30 IU/mL, and 6 patients (7.5%) were HBV DNA-positive. DNA positivity was observed in 3 patients (3.75%) at 3 weeks postoperatively, in 1 patient (1.25%) at 4 weeks postoperatively, and in 1 patient (1.25%) at 8 weeks postoperatively. However, all were negative at 3 months. The preoperative factors affecting HBV DNA positivity (n=13) at 1 week postoperatively were evaluated ( Table 3 ). The preoperative HBsAg titer (P=0.015) and ALT level (P=0.003) were higher in the HBV DNApositive group than in the HBV DNA-negative group. In addition, there were more preoperative mutation-positive patients in the HBV DNA-positive group (P=0.004). Preoperative HBV DNA level and HBeAg positivity were not significantly related, but the preoperative HBV DNA titer and incidence of HBeAg positivity tended to be higher in the HBV DNA-positive group at 1 week postoperatively (P=0.076 and P=0.055).
Changes in HBsAb and factors affecting the levels of HBsAb by HBIG administration
Preoperative HBsAb titer was 3.51±6.95 IU/L, and increased to 1426±2107 IU/L on the first day after Hepabulin administration. Table 4 . Clinical factors influencing HBsAb titer after Hepabulin administration at 1 and 52 weeks postoperatively.
The highest value of 8114±3037 IU/L was recorded at 7 days postoperatively after daily administration. After weekly administration, HBsAb titer was 5965±4000 IU/L at 1 month after surgery, and was 1587±646 IU/L at 1 year after surgery after monthly administration (Figure 4) . When HBIG was administered monthly, the mean titers of HBsAb ranged from 1569 to 2806 IU/L. Factors affecting antibody levels at 1 week (visit 3) and 1 year (visit 18) after surgery were examined ( 
Discussion
This was a 52-week, multicenter, open-label, single-arm, phase III trial to determine the efficacy and safety of the new HBIG, Hepabulin (SK Plasma), administered as a single high dose without concomitant antiviral agent. At present, combination therapy using low-dose HBIG and nucleos(t)ide analogs (NAs) is considered the most efficacious and cost-effective prophylaxis for post-LT HBV reinfection [6] . The use of dual therapy significantly reduces HBV recurrence rate and improves liver transplantation outcome in HBV patients. Some authors have argued that HBIG should be abandoned due to good results with use of antiviral agents alone [7] . However, most of these reports were based on small case series with a short followup period and a low viral load, so care is required when making conclusions in endemic areas where viral load is high. As shown in a recent systematic review, the timing of HBIG withdrawal is unclear and more adequately-powered studies are required [8] . In this study, we performed HBIG monotherapy to examine the pure effect of HBIG (Hepabulin) as prophylaxis. We used high-dose HBIG monotherapy, and evaluated the efficacy of Hepabulin after 1 year, when treatment was changed to combination therapy using low-dose HBIG and NAs. At present, the European Association for the Study of the Liver (EASL) guideline recommends combination of HBIG and a potent NA is recommended after liver transplantation for the prevention of HBV recurrence [9] . In endemic areas with high viral load, HBIG still plays an important role in the prevention of HBV recurrence. The disadvantage of HBIG is its high cost, which also causes non-compliance. If Hepabulin competes with existing HBIG drugs, it will help lower drug prices. Various routes of administration (e.g., intramuscular versus intravenous) and dosing regimens of HBIG have been studied [10] . However, intravenous treatment is still the most commonly used route. We chose to evaluate a regularly scheduled regimen of intravenous high-dose HBIG based on previous reports [11, 12] .
HBsAg recurrence was the primary endpoint in the present study, and the recurrence rate was zero in both FAS and PP analyses. In patients with hepatitis B, the recurrence rate was >70% after 2 years without hepatitis prevention. Considering the high recurrence rate of HBIG treatment at 1 year in clinical trials of other HBIG preparations [11, 13, 14] , the results in this study were excellent. In particular, this result is much lower than the recurrence rate of 7.1% for HepaGam B (Aptevo Bio Therapeutics, Seattle, WA), the version of the drug approved overseas, which was set as a reference for this study protocol. These observations confirmed that Hepabulin has excellent efficacy in preventing the recurrence of hepatitis B infection.
Safety, an important element of this trial, was evaluated through physical examination and laboratory tests. All of the 87 subjects who received Hepabulin even once in the study were included in the safety analysis group. A total of 119 (13.58%) of 876 AEs were serious. Mortality occurred in 2 cases (2.29%), neither of which was related to the trial drug (causes of death were sepsis and HCC recurrence). The incidence rates of AEs and serious AEs were high because of the close observation over a period of 52 weeks in critical liver transplant recipients. Compared to the total of 177 AEs reported in the first 14 patients treated with HBIG [12] , the AE rate was not particularly high in this study. The study population in this trial was living donor liver transplantation (LDLT) recipients. LDLT is characterized by a higher rate of biliary complications than deceased donor liver transplantation. In this study, biliary stricture was the most common serious AE. All of the AEs were judged to be unrelated to Hepabulin, and most were mild.
HBIG is known to bind to HBsAg or to the surface of HBV particles and neutralize HBsAg or protect hepatocytes from HBV infection [15, 16] . In this study, both HBsAg and HBeAg titers decreased rapidly on the first day after LT, and only 28 (35%) and 4 (5%) patients were positive for HBsAg and HBeAg, respectively, and all were negative at 2 weeks after LT. HBV DNA level decreased rapidly after surgery, but remained at an average of 37 IU/mL at 7 days postoperatively and the number of positive cases remained at 13 (16.25%). Only 1 patient remained HBV DNA-positive until 8 weeks postoperatively, but all were negative by 3 months. HBV DNA remains long after surgery, which is associated with preoperative viral load, such as HBsAg titer, HBeAg, and HBV DNA level.
HBsAb titer was well-correlated with Hepabulin dose after Hepabulin administration. Circulating HBsAg and other factors determine the changing half-life of HBsAb in the initial postoperative period [17] . In our study, the factors affecting HBsAb titer at 1 week postoperatively were general condition (Child score, MELD score, total bilirubin level, and albumin level) and HBV viral load (HBsAg titer, HBV DNA status, and mutation status). However, within several weeks to months, the half-life lengthened and stabilized in these patients, although there seem to be patient-to-patient variations [18] . In our study, the factors affecting HBsAb titer at 52 weeks after surgery were sex and serum ALT level.
Conclusions
Prevention of recurrence of HBV after liver transplantation is very important to improve the prognosis of liver transplantation.
Hepabulin is a hepatitis B immunoglobulin substance with good safety and efficacy in preventing recurrence of HBV after transplantation. This study was conducted with HBIG monotherapy without antiviral agent to demonstrate the efficacy and safety of new HBIG, Hepabulin. The new HBV treatment guidelines, such as time interval and proper titer, require further study.
